In this paper, we obtain the detailed and precise data of the resistance performance in shallow water for the twin-skeg buoy tender in the different shallow-water conditions by the numerical stimulation of the resistance characteristic with the assistance of the commercial software FLUENT. Otherwise, the above obtained data are used to compare with the experimental results of the corresponding model in the towing resistance experiment. FLUENT is indeed competent and reliable for the calculation of the ship resistance.
Introduction
Viscosity can offer viscous resistance, which is generated by the viscous effect. As the definition, we can distinct the viscous resistance into two forms, the frictional resistance, and the viscous pressure resistance (VPR). Generally, the frictional resistance takes absolutely major account for the low-speed vessel, with the percentage from 70% to 80%. But for the high-speed vessel, the frictional part decreases to 40% ~ 50% and the VPR declines to 10% approximately. So we can know, from above, that the viscous resistance takes a relatively higher portion within the total resistance.
Calculation model

Model Construction
The model of the Heilongjiang twin-skeg buoy tender, as the calculated object in this paper, illustrated in Fig.1 , is scaled with the designed waterline 4.0m, the moulded breadth 0.914m, the still-water draft 0.143m, the overall wetted surface 2.682m 2 , and the overall displacement 0.285m 3 . According to the relevant experience [8] , the computational domain is a rectangle. We use the half hull to calculate. Then,2.5≤x／L≤1.5，0≤y≤L.are confirmed as the computational domain, where x is the length beyond the bow along the X axis, y is the distance from the moulded breadth to the edge of the domain along the Y axis, and L is the length of the waterline of the model. In order to guarantee the channel depth and the air height, x and y need to vary for the calculation of different twin-skeg buoy tenders. 
Grid Partition
For the instance, in the infinite-depth condition, the mesh number of the entire domain totals up to 1,675,808, where the mesh number of the vessel hull amounts for 377,502. By the examinational function supplied by the Gambit, the test towards the grid quality shows that the maximum asymmetry of this model is 0.77, which is not greater than 0.97, 0.97 which is defined as the maximum asymmetry that should not be exceeded. Otherwise, the asymmetry of most meshes is limited from 0.1 to 0.6, and there is merely 4.6% meshes with the asymmetry greater than 0.6. Therefore, we can say that this domain has an excellent grid partition that can ensure the calculation precision of CFD. The grid partition is showed in Fig.2 
. 1.3 Settings for Boundary Conditions
We can see the settings in Table. 1, as following Firstly, in the infinite-depth condition, the resistance from the IDENTICAL vessel shall be stimulated for calculation in various model speeds, showed in Table 2 (a). Besides, the resistance from DIFFERENT vessels, cruising in different depth conditions，will be stimulated in the same speeds, showed in Table 2 (b), with the model depths, showed in Table 2 (c).
Result Analysis
Feasibility demonstration of FLUENT With the purpose to definite the error range, the FLUENT feasibility is demonstrated firstly by stimulation of the model resistance in the infinite-depth condition, which concludes such following results, that is illustrated in the below figures where, for the instance of the model speed 1.47m/s, the nephograms of the upper pressure, of the cruising speed, and of the fluid field distribution are clearly displayed. We can figure out the errors, displayed in Table 3 , by the comparison between the stimulation results and the experimental results, illustrated in Fig.7 . The feasibility and the validity of FLUENT are demonstrated. Fig.7 The compared result of model resistance Likewise, by such the comparison, we find that, the error reaches up to 15%, in the low-speed condition, but becomes lower to approximately 7% in high-speed condition. Therefore, the FLUENT users need to be aware of the existence of the precision range and the error range, especially in the low-speed condition. Actually, it is feasible to calculate the viscous resistance of the twin-skeg buoy tender, because of the acceptable error range from 10% to 15%. Assuredly, FLUENT is quite suitable for the high-speed condition.
Research on the shallow-water performance of the twin-skeg buoy tender The resistances in different depths need to be stimulated in the fixed speeds. In this paper, we adopt V=1.05m/s, V=1.47m/s, V=2.1m/s, and V=2.31m/s as the model speeds, and calculate respectively the model resistance in the depths 0.214m, 0.286m, 0.357 m, 0.429 m, 0.571 m, 0.714 m, and 0.857 m. By the numerical stimulation and calculation of the vessel resistance portion in different depths and in every fixed speed with the assistance of FLUENT, and also by the analysis of the affect on the different resistance portion from the shallow-water effect, the change tendency can be summarized to further resolve the shallow-water performance of the twin-skeg buoy tender. In the shallow-water condition, the vessel viscous resistance will be directly affected by the channel depth, i.e. the shallower the channel depth is, for the identical vessel under the same speed, the greater the viscous resistance will be. The reason is that, the limited depth can increase the 560 Energy Research and Power Engineering speed of the return flow, so that, part of fluid flow is squeezed forwards along the sides, which makes the speed much greater than that in deep-water condition, and further, the speed increase leads to the pressure decrease, that results to the draft increase and the wetted-surface increase, which eventually makes the increase of the viscous resistance of the vessel. We can find, in Table 4 , when the vessel is cruising in the shallow-water channel, the shallower, the greater the wave-making resistance is. The reason is that, the wave covering area is increased due to the shallow water, which raises the wave height; meanwhile decrease the wave speed, as a response, the wave-making resistance increases obviously. Simultaneously, the wave-making resistance will become relatively greater along with the increase of the speed within a certain speed range.
Viscous resistance in shallow water
Shallow-water affection on the wave-making resistance
2.2.3 Shallow-water affection on the model As analyzed above, we know that, the vessel suffers significant shallow-water effects in different depths, or various speeds in the shallow-water conditions, which lead to the resistance changes of the models. The total resistances of the model in different channel depths are showed in Table 5 . The increase percentages of the total resistance for this twin-skeg buoy tender in the shallow water condition are distributed in Fig.8 . Fig.8 The distribution of the increasing percentage As we can see in Table 5 , in a fixed range of the speeds, the shallow-water effect tends to be gentle with the increase of the speed. In the fixed shallow-water depth, the total resistance of the vessel model will rise with the increase of the speed. And in the identical speed, the total resistance will lower with the increasingly deeper depth. Directly, we can obtain the resistance changing Applied Mechanics and Materials Vols. 341-342 situation according to Fig.8 , which infers that the shallow-water effect to the vessel model of the twin-skeg buoy tender should not be ignored. Further, in a certain speed, the resistance increasing percentage will touch the top firstly, afterwards gradually decrease.
Conclusion
Generally, the celerity performance of the inner-river vessel need to be predicted based on a series of resistance experiments for the shipbuilding and design. However, due to the obvious distinction of the experimental towing tank with the Heilongjiang River channel, in a relative extent, the shallow-water effect may be statistically ignored. In fact, in the real Heilongjiang channel, with the depth from 2 to 6 meters, the shallow-water effect must be set in an extremely significant position. Practically, the greater the real vessel resistance is, the more the main engine power will be than the reference value. Therefore, according to such researches above, it is proved that, the shallow-water effect must be indeed valued during the design of the inner-river ships of the Heilongjiang River channel. For the channel depth is an extremely important aspect, which will affect directly the celerity performance of the vessel.
